When light interacts with a metallic nanoparticle (NP), its conduction electrons are driven by the incident electric field. The coupling of the external radiation and the collective electronic oscillations within the metal gives rise to the so-called localized plasmon resonances (LPRs). The mixed electromagnetic-wave and surface-charge nature of LPRs has grabbed much attention during the last decade, as it allows one of the main constraints of classical optics, the diffraction limit, to be overcome [1] . This fact makes possible the control of the flow of light and its interaction with matter at the nanoscale. Thus, the excitation of LPRs in metal NPs leads to striking effects such as the drastic increase of the nanostructure effective cross section, the subwavelength localization of electromagnetic energy in its vicinity, or the highly directional scattering of radiation out of the system [2] .
The characteristics of LPRs depend strongly on the shape and size of the particle sustaining them. This fact enables the spectral tuning of the aforementioned effects within the visible range, which has found applications in technological areas such as sensing, biomedicine, or photovoltaics [3] [4] [5] . Until recently, the manipulation of the electromagnetic behavior of metal NPs was limited to the modification of the resonant frequency of dipolar LPRs, which, due to their strong radiative character, govern the interaction of the structure with free space radiation. However, metal NPs do not only support bright dipole-like resonances but higher order multipolar modes associated with charge oscillations with more complex symmetry features as well. These are usually termed dark modes, since they couple only weakly to light. Therefore, the damping of these dark resonances is mainly caused by metal absorption, rather than radiative losses, which makes them spectrally narrower than dipolar LPRs.
The intrinsic dark nature of multipolar LPRs seemed to prevent their exploitation in nanooptics. However, during the past few years, various NP configurations have been proposed where bright and dark modes occur in the same frequency window. This provides the latter with a key role in the interaction of these structures with light. In these designed systems, dark LPRs are not excited by the incoming radiation but by near-field coupling with the bright dipolar mode that resonates at the same frequency. In analogy to atomic physics, the destructive interference between the bright (broad) and dark (narrow) excitation channels available for the incident radiation leads to the formation of Fano resonances. These give rise to sharp and narrow dips in the scattering spectra of the supporting nanostructure, whose origin is the effective inhibition of radiative losses linked to the excitation of dark resonances in the system.
The left panel of Fig. 1 renders two experimental extinction spectra for a dolmen-shaped gold nanostructure supporting a Fano resonance at 750 nm [6] . The geometry is conceived so that its constituents, i.e., monomer and dimer, sustain a bright (dipolar) and a dark (quadrupolar) mode within the same frequency window. The hybridization of these plasmonic modes yields, for the appropriate incoming polarization (blue), the appearance of a Fano-like minimum in the cross section for the composite structure. More recently, Fano effects have been reported in a wide range of plasmonic systems [7] and metamaterials [8] , and their sharp spectral profile is being exploited in the design of devices such as biological sensors or active photonic waveguides [9] .
During the last decade, transformation optics [10] has become the theoretical framework driving the development of metamaterials science. This elegant tool, which exploits the invariance of Maxwell's equations under coordinate transformations, provides the link between a desired electromagnetic effect and the material properties required for its occurrence [11] . In this context, it establishes how the electromagnetic constitutive relations must be modified within a metamaterial structure in order to achieve a given optical response. Similar ideas have been also transferred to plasmonics, and the routing of surface plasmon polaritons through transformation optics has been reported lately [12] , [13] .
In the last year, several theoretical works have recovered the original purpose of transformation optics, which was first thought as a strategy to ease the solution of Maxwell's equations [10] , by applying it to the analytical treatment of the interaction of light with metal NPs. The approach is as follows: Using a spatial transformation, singular NP configurations can be mapped into more Fig. 1 . Plasmonic design principles enable the accurate control of the spectral response of metallic nanoparticles. In the left panel, the exploitation of Fano resonances in a dolmen-shaped nanobar configuration (scale bar: 100 nm) leads to the polarization-dependent suppression of its scattering cross section within a narrow frequency window [6] . In the right panel, transformation optics enables the transfer of the broadband behavior of an infinite plasmonic system (a metal/dielectric/metal sandwich) to a finite one (two touching nanospheres), which also gives rise to a strong concentration of light at the contact point of the NPs [17] . The calculations correspond to Ag spheres of 25 nm radius, and the longitudinal electric field in the insets is evaluated at 600 nm. manageable plasmonic systems, where electromagnetic fields can be calculated analytically. By transforming back to the original frame, the optical properties of the initial nanostructure are known, and simple expressions for magnitudes such as the cross section or the near-field enhancement can be obtained. Apart from the deep physical insight that this method offers, the analytical treatment of singular plasmonic geometries, such as crescents [14] , wedges [15] , or touching nanowires [16] and spheres [17] , has also opened the way to the solution of one of the paradigms of modern photonics: the design of nanometric devices able to collect and concentrate light efficiently within a wide spectral range.
The bottom right panel of Fig. 1 sketches the transformation optics procedure for the case of a dimer of touching nanospheres, which are mapped into a metal/dielectric/metal geometry under a coordinate inversion [17] . The upper panel plots the comparison between the absorption spectra for a single Ag sphere (black) and a dimer of touching spheres (red) of 25 nm radii. Note that, whereas the cross section for the single sphere is negligible far from its dipole LPRs, the dimer collects light efficiently within the whole visible range (shaded). Remarkably, this effect is accompanied by the focusing of the broadband incident radiation at the contact point of the NPs, which yields extremely high field enhancement factors in its immediate vicinity (see insets). This effect has potential applications in technological areas such as solar photovoltaics or Raman spectroscopy [14] .
The physical origin of the efficient light harvesting capabilities of touching NPs is also revealed by transformation optics. The equivalence between the original and the transformed systems enables the interpretation of the physical mechanisms behind this phenomenon as resulting from the capability of the surface plasmon modes in the planar geometry to transport energy along its flat interfaces. It is important to note that the inversion illustrated in Fig. 1 is only one of the whole set of possible mathematical transformations, which makes this approach an extremely versatile tool for the design of novel functional plasmonic structures.
In summary, Fano resonances and transformation optics are elegant concepts that make possible the design of plasmonic NPs showing unexpected, and technologically promising, optical properties. We have shown that the exploitation of Fano resonances allows the molding of the spectral response of composite metal nanostructures within narrow frequency windows. In turn, transformation optics ideas convey the broadband behavior of propagating surface plasmons to subwavelength NPs, also providing a highly efficient strategy to achieve nanoconcentration of light in the contact point of touching geometries. Although the nanofabrication of structures where these effects are optimized remains challenging, experimental realizations indicating the validity of these ideas in different systems have already been reported.
